An economic tracking portfolio is a portfolio of assets with returns that track an economic variable. Monthly returns on stocks and bonds help forecast post-war US output, consumption, labor income, inflation, stock returns, bond returns, and Treasury bill returns. These forecasting relationships define portfolios that track market expectations about future economic variables.
portfolios earn risk premia, then the signs of the risk premia and the identities of the premiagenerating economic variables can reveal which state variables are important determinants of expected returns, and can help evaluate asset-pricing models. Tracking portfolios have (at least) two other uses that do not rely on the portfolios earning non-zero risk premia.
First, tracking portfolios can serve as hedging tools for individuals who wish to insure themselves against a particular economic risk. For example, individuals who wish to insure against inflation could take a position in the inflation tracking portfolio. Second, tracking portfolios forecast economic variables. Since asset returns are available on a daily basis, tracking portfolios can provide daily information about the market's expectations about future economic variables.
These uses are empirically testable, and do not depend on a particular asset pricing model. For example, suppose the CAPM is true. In that case, an economic tracking portfolio would have an expected return that is a linear function of covariance with the market, but its unexpected return would still reveal news about future economic variables. Alternatively, suppose that asset markets are inefficient, irrational sentiment affects market prices, and returns are partially predictable. In this case, as long as asset prices reflect some information about future economic variables, tracking portfolio returns will still be useful for hedging and forecasting. This paper is organized as follows. Section 1 defines tracking portfolios, states their statistical properties, and introduces the notation. Section 2 discusses the relation of tracking portfolios to previous research. Section 3 describes the data. Section 4 shows the properties of the estimated tracking portfolios. Section 5 shows the out-of-sample tracking ability of the portfolios, and performs robustness tests. Section 6 summarizing the results and discusses possible applications.
Definitions and basic properties

Simple tracking portfolios
A tracking portfolio for any variable y can be obtained as the fitted value of a regression of y on a set of base asset returns. The portfolio weights for the economic tracking portfolio for y are identical to the coefficients of an OLS regression. If y happens to be to be a state variable for asset pricing, then a multi-factor model holds with one of the factors being y's tracking portfolio (Breeden, 1979) . However, even if y is not a state variable for asset pricing, its tracking portfolio is still an interesting economic object, since it reveals changes in market expectations about y.
The following three statements are equivalent descriptions of an economic tracking portfolio. Out of all possible linear combinations of the base asset returns, the portfolio: (a) has the minimum variance out of all portfolios with a given beta (univariate regression coefficient) in a regression of portfolio return on y; (b) has returns with the maximum possible correlation with y; (c) has the highest R-squared in a univariate regression of y on returns. These properties come directly from the definition of an OLS regression (see Breeden, Gibbons, and Litzenberger (1989) ).
Tracking portfolios for news
This paper constructs portfolios with unexpected returns that are maximally correlated with unexpected components of future y. Specifically, the target variable is "news" about y t+k , where y t+k is a macroeconomic variable such as the inflation rate in period t+k. The tracking portfolio returns are r t-1,t =bR t-1,t , where R t-1,t is a column vector of asset returns from the end of period t-1 to the end of period t and b is a row vector of portfolio weights. The tracking portfolio is constructed using unexpected returns on the base assets.
Unexpected returns are actual returns minus expected returns, with notation t 1, -t R ≡ R t-1,t -E t-1 [R t-1,t ]. The portfolio weights are chosen so that t 1, -t r is maximally correlated with ∆E t [y t+k ].
Estimating tracking portfolios for news is only slightly more complicated than estimating simple tracking portfolios. One can always write a projection equation of news on unexpected returns. The key assumption in this paper is that innovations in returns reflect innovations in expectations about future variables, so that the vector a has non-zero elements in the projection equation:
where η t is the component of news that is orthogonal to unexpected returns. Since unexpected asset returns reflect news about future cash flows and discount rates, a will generally be non-zero for any variable that is correlated with future cash flows and discount rates (there is no intercept in equation (1) because both the right-hand side and left-hand side are mean zero expectational errors).
As equation (1) 
The second assumption made here is that expected returns on the base assets in period t are linear functions of Z t-1 , a vector of control variables known at period t-1:
While the assumption in equation (3) is a potential source of model misspecification, one might expect the empirical results to be relatively robust to this form of misspecification, since asset returns are largely unpredictable at short horizons.
Last, for notational convenience, define the projection equation of lagged expectations of y on the lagged control variables:
Combining (1) -(4) results in the representation:
y t+k = bR t-1,t +cZ t-1 +ε t,t+k .
where b=a, c=f-ad, and ε t,t+k = η t + µ t-1 + e t,t+k . Equation (5) is a regression equation with realized future y on the left hand side and period t returns and period t-1 control variables on the right hand side. It is consistent because the three components of ε t,t+k are all by definition orthogonal to both R t-1,t and Z t-1 .
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The OLS regression defined by equation (5) produces bR t-1,t , the portfolio return having unexpected components maximally correlated with ∆E t [y t+k ]. This paper estimates equation (5) and examines the properties of the resulting tracking portfolios. Equation (5) is completely atheoretical and depends only on the assumptions that changes in expectations about future y are reflected in asset returns, and that expected asset returns are a function of the lagged control variables. The approach does not impose any particular model of asset prices or equilibrium economic relationship, unlike (for example) the Fisher equation approach to expected inflation in Fama (1975) .
Here I make several comments on empirical implementation of equation (5). First, this paper uses zero cost portfolio returns for R t-1,t . Using zero cost portfolios means that there is no need to impose the restriction that the portfolio weights in b add to anything. The resulting tracking portfolio is zero cost because it is a linear combination of zero cost portfolios. Second, this paper uses monthly returns for the base assets. One should be careful using longer horizons for base assets (such as annual returns), since as horizons lengthen, return predictability rises (see Campbell (1991) ), and the estimates might become more sensitive to violations of equation (3).
Third, one wants to pick base asset returns that are informative about changes in expectations about future y. It is important that the different assets have different sensitivities to future y, so that the regression can pick the linear combination of returns that hedges out common sources of return variation that are unrelated to future y. Fourth, the main reason to include control variables is to model expected returns, so Z t-1 should include variables that forecast base asset A separate use of tracking portfolios is to estimate return premia associated with different economic risks and to identify sources of return variation. Unlike Chen, Roll, and Ross (1986), Huberman, Kandel, and Stambaugh (1987) and Balduzzi and Robotti (1999) , the goal of this paper is neither to estimate risk premia nor to test asset-pricing models with multiple sources of risk.
Rather, the goal of this paper is to use asset returns to learn about the markets' changing expectations of future economic variables and the connection between economic variables and asset prices. Previous research has drawn this connection in three ways: using current economic variables, using future economic variables, and using both via vector autoregression models.
The first approach involves regressing asset returns on contemporaneous economic
Economic Tracking Portfolios -Page 8 variables. Examples of this approach include Chen, Roll, and Ross (1986) and numerous papers testing the CCAPM. Chen, Roll, and Ross (1986) find that covariance with industrial production growth, inflation, and bond market returns all lead to risk premia.
Unfortunately, attempts to identify factor mimicking portfolios for macroeconomic variables have been disappointing. Chan, Karceski, and Lakonishok (1998) construct portfolios by sorting stocks on monthly contemporaneous correlations over a five-year estimation period.
They form portfolios based on inflation and industrial production. After examining these returns, they conclude that the macroeconomic factors are basically noise, and are not distinguishable from randomly generated portfolios.
The second approach involves regressing current returns on future realizations of economic variables. Examples of this approach include Fama (1981 Fama ( , 1990 and Schwert (1990) , who seek to evaluate how much of the variance of returns on some test asset is due to news about future economic conditions. A previous version of this paper, Lamont (1999) , shows that the economic tracking portfolios can be interpreted as an instrumental variables version of this approach. Using tracking portfolio returns as proxies for expected future economic variables substantially raises the estimated sensitivity of asset prices to news about future economic variables. Like other factors in asset-pricing, tracking portfolios can be used to explain asset returns, in a regression with candidate portfolio asset returns on the left-hand side and tracking portfolio returns on the right-hand side. Unlike less structured factor explanations of asset returns, in this regression the coefficients have an economic interpretation. Using tracking portfolios imposes discipline: asset returns are only allowed to go on the right-hand side of the regression if they contain information about economic variables.
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The third approach uses vector autoregressions. Like the first approach, it uses innovations in contemporaneous variables to explain current asset returns. Like the second approach, it is interested in how changes in expectations about future economic variables affect asset returns. It uses the innovations from a vector autoregression (VAR) system to estimate changes in expected future variables, and uses the resulting estimated changes to explain asset returns. The VAR approach (Campbell (1991 ), Campbell (1996 , Campbell and Ammer (1993) , and Campbell and Mei (1993) ) uses a variety of current economic variables to explain asset returns. It uses both return and non-return forecasting variables (for target variables such as inflation, interest rates, labor income and future returns), and then tests whether innovations in these forecasting variables (from a VAR) are factors in asset returns.
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The VAR procedure for detecting loadings on the factors is mediated through a specific dynamic model of all the variables in the system. This requirement introduces a potential source of model misspecification. In contrast, the tracking portfolio approach lets the data choose loadings directly from regressions of future variables on returns, without having to rely on a complete description of the time series process generating the data. 
Data
Target variables and horizon
The targets (y t+k ) include seven macroeconomic variables suggested by theory and previous empirical work (such as Chen, Roll, and Ross (1986), Ammer (1993), Campbell (1996) , Jagannathan and Wang (1996) , and Britten-Jones (1999)). The seven target variables are: industrial production growth, real consumption growth, real labor income growth, inflation, excess stock returns, excess bond returns, and Treasury bill returns.
Industrial production is the change in the log of total production, seasonally adjusted.
Consumption is the change in the log of real consumption of services and nondurable goods, 
Base assets
The 13 base assets, R t-1,t , consist of four bond portfolios, eight industry-sorted stock portfolios, and the market portfolio for the stock market. All asset returns are in excess of the T- These 13 portfolio returns are likely to be informative about future economic conditions.
Industry portfolios are potentially useful because of obvious variations across industry in cyclicality, and because of evidence (see Boudoukh, Richardson, and Whitelaw (1994) ) that this cyclicality is reflected in stock returns. Bond returns are likely to be useful since bond yields have also been shown to forecast future economic activity (see Stock and Watson (1989) ). Last, the aggregate stock market has traditionally been used to forecast aggregate economic changes.
Control variables
The lagged control variables, Z t-1 , include nine variables (plus a constant term). These nine variables are the Treasury bill return, a term premium for long-term government bonds (yield on long bonds minus Treasury bill yield), a term premium for one-year government notes (yield on one-year notes minus Treasury bill yield), a default premium for corporate bonds (BAA yield minus AAA yield), a default premium for commercial paper (commercial paper yield minus Treasury bill yield), the dividend yield on the CRSP value weight aggregate portfolio, and 12-month production growth, CPI inflation, and excess stock returns. It is important to note that the Treasury bill return in month t is a control variable, not a base asset, since the Treasury bill return in month t is known as of month t-1.
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The lagged control variables include the standard variables known to forecast returns on stocks and bonds. As a side effect, these Z's should also help forecast the target variable as well since the same variables that forecast returns also forecast economic activity (that is, Z t-1 is correlated with E t-1 [y t+12 ]). Table 1 shows the forecasting regressions that define the economic tracking portfolios for the seven target variables. Table 1 reports coefficients from OLS regressions of the 12-month ahead macroeconomic variables (from month t to month t+12) on returns in month t and lagged variables in month t-1. The standard errors have been corrected for the overlapping dependent observations. 6 Since the 13 base assets have returns that are highly collinear, the portfolio weights are not easy to interpret and have no particular meaning. More meaningful are the properties of the tracking portfolios shown in Table 2 . Table 2 contains hypothesis tests and summary statistics for the tracking portfolio returns defined by the regressions of Table 1 .
Properties of Estimated Tracking Portfolios
Do the tracking portfolios track their target variables?
A crucial assumption for the use of tracking portfolios, in equation (1) Table 2 shows this partial R-squared. The lower bound ranges from 0.04 to 0.23.
Risk premia, CAPM, and correlations
Panel C of Table 2 shows mean excess returns for the tracking portfolios. The numerical magnitude of these risk premia show the price of one unit of exposure to ∆E t [y t+k ]. Panel C also shows the standard deviation of these portfolio returns, and the t-test for the hypothesis that the mean return is zero.
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The production, consumption, and labor income portfolios have risk premia which are Economic Tracking Portfolios -Page 14 positive, while the inflation and T-bill portfolios have risk premia which are negative, similar to Chen, Roll, and Ross (1986) . For future stock and bond returns, the theoretical sign is ambiguous and depends on risk aversion (see for example Campbell 1996) . Panel C shows that both future stock and bond return portfolios earn negative returns, suggestive (loosely) of a coefficient of relative risk aversion that is less than one.
The market model regressions in Panel D of Table 2 evaluate the ability of the CAPM to explain the risk premia on tracking portfolios. Before discussing the results, a statistical fact: since the tracking portfolios are linear combinations of the base assets, the α's of the tracking portfolios are linear combination of the α's of the base assets. In other words, the CAPM can only misprice the tracking portfolio if it also misprices one or more of the 13 base assets.
Only the consumption portfolio has an α that is significantly different from zero. The primary reason for the consumption portfolio's mispricing by the CAPM is that the returns on one of the base assets (the one-year treasury bond portfolio) is also mispriced by the CAPM. better than aggregate stock returns because they hedge out portions of aggregate return variation that are unrelated to future production (such as changes in taxes, liquidity, or sentiment). For example, Panel E shows that the correlation of the production tracking portfolio and the market portfolio is 0.57, so that the market portfolio is far from being the optimal predictive portfolio for production. Table 3 uses rolling regressions to examine the out-of-sample performance of tracking portfolios, using a twenty-year estimation window. Every month, one runs the tracking portfolio regression using only historical data, up to and including this month's realization of the target variable. In month t, one estimates t b and t ĉ using the past 20 years of monthly data. This procedure is repeated every month, and the result is two times series: Their procedure, when regressing actual on forecasts, is to divide the t-statistic by an adjustment factor which depends on the number of observations in the out-of-sample period and the number used to obtain the forecast. Based on the out-of-sample period of 325 months (181 months for consumption) and the estimation period of 240 months, West and McCracken (1998) suggest that the t-statistics should be divided by 0.7 (0.9 for consumption). Thus the coefficients are even more statistically significant than shown by the standard errors in Table 3 . properties of the residual from the full regression estimated over the same out-of-sample period, and the variance shows the properties of the target variable. The rolling MSE is naïve in the sense that it does not correct for the expected performance deterioration, and one can reduce forecast error by correcting for deterioration. Table 3 shows the rolling MSE in an R2-like measure by showing the percent of the variance explained out-of-sample (one minus the rolling MSE divided by the variance of the target variable). By this measure, it appears that the production and T-bill forecasts are fairly useful out-of-sample, the labor income and inflation forecasts are somewhat useful, and the consumption, stock, and bond return forecasts are not useful. Comparing this R2-like measure with the actual R2 of the regression with In summary, tracking portfolios do track out-of-sample, although imperfectly. Tracking portfolios are a feasible way for investors to hedge economic risk in real time, although investors should take into account the predictable out-of-sample deterioration. 
Examining the implied forecasts
Robustness Tests
Rolling regressions
Alternative horizons for target variables and base assets
Restricting the control variables
Panel F shows results with no control variables, so that the right-hand side of the regression contains a constant term and 13 base asset returns. These regressions are surely misspecified, but they give a sense of the importance of the control variables. With the exception of the inflation tracking portfolio, the tracking portfolios still track.
For the nominal T-bill return, the baseline portfolio correlation is near zero, suggesting that control variables are a very important ingredient in constructing its tracking portfolio.
Nominal T-bill returns over the next year are very predictable (as shown by the R-squared of 0.91 in Table 1 ). Thus excluding lagged control variables, such as the lagged T-bill return, makes a dramatic difference in the properties of the tracking portfolio.
For the other six tracking portfolios, the baseline portfolio correlations are fairly high, ranging from 0.63 to 0.89. For these tracking portfolios, then, control variables are not as important.
Summary of robustness results
In general, the results of this section suggest that the portfolios estimated in Table 1 are robust to different specifications. The baseline portfolios are not very different from portfolios constructed using alternative methods. Some changes (such as using 3-month returns on base assets or dropping all bonds from the base assets) make virtually no difference in most cases.
Subsequent work
Since this paper was first circulated as Lamont (1999), the tracking portfolio approach has been applied in other contexts. Hayes (1999) constructs tracking portfolios for UK macroeconomic variables using UK equity returns. His out-of-sample results are more mixed than the ones presented here, probably because his shorter sample period of 1965 to 1998 leaves only a small number of years with which to test the out-of-sample tracking ability.
Christoffersen and Slok (2000) apply the approach to transition economies in Eastern Europe. In their short sample of 1994-99, they find that tracking portfolios forecast real economic activity, using stock prices, interest rates, and exchange rates.
One important issue not addressed here is historical data revisions (see, for example, Diebold and Rudebusch (1991) ). Some of the macroeconomic variables have been revised and could not have been known in real-time. One slight benefit of using asset returns is that they are not subject to revision, unlike most macroeconomic variables. Christoffersen, Ghysels, and
Swanson (2000) study the impact of data revisions for constructing tracking portfolios.
One could imagine adding other interesting portfolios to the base assets such as gold, real estate, and international securities. 9 Vassalou (2000) constructs a tracking portfolio for future GDP using stock portfolios based on size and value. She finds that these base assets help track GDP (although she does not consider industry returns or bond returns). In contrast, Lamont (1999) examines three factors in stock returns: the value and size factors of Fama and French (1993) and the momentum factor of Carhart (1997). Compared to the existing base assets used here, these three candidate portfolios do not help track the target variables, and are not particularly highly correlated with any of the tracking portfolios.
Conclusions
Using post-war US data, it is possible to track expectations about future economic variables using stocks from different industries and bonds of different maturities and qualities.
These tracking portfolios do not merely reflect the aggregate stock market or aggregate bond market, but instead combine the different returns optimally. Out-of-sample results suggest that going into the future, tracking portfolios may be useful in forecasting and hedging macroeconomic variables. Of course, as with any forecast, overfitting and changing parameter values can cause accuracy to deteriorate. Users of tracking portfolios need to take into account the deterioration of forecast accuracy out-of-sample.
One could also construct tracking portfolios using daily returns. This would allow one to estimate daily updates on what financial markets think about future inflation, economic activity, and expected returns, and to examine specific episodes. E.g., when the Fed announces it is tightening monetary policy, do the inflation and output forecasting portfolios fall? In this respect, tracking portfolios have an inherent advantage over monthly VAR's using non-return variables.
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FOOTNOTES
1 Both the VAR approach and this paper assume that the coefficients do not change over time.
An alternative would be to allow for conditional coefficients, as in Ferson and Harvey (1991) .
McQueen and Roley (1993) find that stock price reaction to news depends on the state of the business cycle.
2 A previous version of this paper, Lamont (1999) , shows that VARs and tracking portfolios produce results that are empirically similar.
3 Industrial production data is from the Federal Reserve, consumption and labor income are from DRI Basic Economics, and CPI and asset return data are from Ibbotson Associates. 4 The four bond portfolio returns are provided by Ibbotson Associates. 5 The long bond yield, one-year yield, and commercial paper yield are provided by Ibbotson
Associates. The T-bill yield, BAA yield, and AAA yield are provided by DRI Basic Economics.
The dividend yield is constructed using the total and capital gains-only returns on the CRSP value weight aggregate portfolio. 6 The standard errors are calculated using Newey-West with 24 lags. The exact correction would be Hansen-Hodrick with 12 lags, but this covariance matrix was not convenient to use since it resulted in undefined test statistics for some of the tests performed in this paper. 7 The reported standard deviation is the usual time-series standard deviation, taken b as given (so that one can generate the in-sample Sharpe ratio by taking the ratio of the mean and standard deviation). The t-statistic, in contrast, is calculated using GMM, and takes into account the estimation error of b . The calculations use Hansen's (1982) Generalized Method of Moments.
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See also example Hamilton (1994) and Ogaki (1993) . As before, the covariance matrix is computed using Newey West with 24 month lags. Table 1 Monthly OLS regressions of the form y t+12 = bR t-1,t +cZ t-1 +ε t,t+12 . y t+12 is a macroeconomic variable from month t to month t+12, R t-1,t is a vector of monthly returns in month t, and Z t-1 is a vector of control variables observed in month t-1. A.) P-values report tests of the hypothesis that different elements of R t-1,t can be omitted from the regressions in Table 1 . "all returns" tests whether all 13 base assets can be omitted from the regressions in Table 1 . "all except RMRF" tests whether the 8 industry stock portfolios and 4 bond portfolios can be omitted from the regressions in Table 1 . "eight industries" tests whether the 8 industry stock portfolios can be omitted from the regressions in Table 1 . "four bonds" tests whether the 4 bond portfolios can be omitted from the regressions in Table 1 . Pvalues are constructed using robust standard errors with Newey-West 24 month lags.
B.) Shows R-squared in a regression where the left hand side is the residual from a regression of y t+12 on Z t-1 , and the right hand side is the residual from a regression of
on Z t-1 . b is derived from the regression in Table 1 C.) Summary statistics show mean, standard deviation, and t-statistic for the monthly tracking portfolios,
. b is derived from the regression in Table 1 Table 1 . The t-statistics use GMM standard errors, which take into account the estimation error of b .
E.) The correlation matrix shows correlations of tracking portfolio returns
with itself and with base asset returns R t-1,t , using monthly data. b is derived from the regression in Table 1 . 1967:12-1994:12 (1979:12-1994 1967:12-1994:12 (1979:12-1994 :12 for Consumption).
Economic Tracking Portfolios -Page 31 to table 4   Table 4 shows results from different ways of estimating the regression y t+k = bR t-j,t +cZ t-j +ε t,t+j . The different ways of constructing tracking portfolios are choosing different values for k (target horizon), different values for j (base asset return period), and different compositions of R and Z. "P-values from exclusion test" report tests of the hypothesis that R t-j,t can be omitted from the regression, and is constructed using robust standard errors with Newey-West 24 month lags (except in the case of 60-month ahead target variables, which use 120 month lags). "Partial R2" is the R-squared from a regression of y t+k -E[y t+k |Z t-j ] on Table R  b ) . In other words, the portfolio weights are taken from the regression y t+12 = bR t-3,t +cZ t-3 +ε t,t+12 but the returns are monthly. D) The base asset return vector R t-1,t includes only the nine stock market portfolio returns. E) The base asset return vector R t-1,t includes only the four bond market portfolio returns. F) The control variable vector Z t-1 includes only a constant term. The partial R-squared's are now equivalent to simple R-squareds.
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